The presence of a ligand modifies the potential of a system involving metal species.' On the basis of this ligand effect, the potentiometric titrations of copper(II) with iron(II) have been reported in the presence of some complexing agents. [2] [3] [4] [5] We have also reported the same potentiometric titration of copper(II) with iron(II) in the presence of neocuproine (2,9-dimethyl-1,10-phenanthroline) together with pyrophosphate. 6 The copper(I)-neocuproine complex is produced in this reaction; it has an absorption maximum at 454 nm. Thus it is expected that iron can be determined based on the same reaction by measuring the absorbance of the copper(I)-neocuproine complex. In the present paper, a new indirect spectrophotometric determination of iron(II) by flow injection analysis (FIA) is presented based on this novel principle; such FIA is a simple, fast, accurate and versatile analytical 7 8 Experimental Reagents All reagents used were of analytical reagent grade. Water was obtained from a Milli-Q water purification system (Millipore Co.). Stock solutions of iron(II) (l .OX 10-2 mol dm 3) and copper(II) (1.0X102 mol dm 3) were prepared and were standardized as previously. 6 Working solutions of metal ions were prepared by suitable dilution with 5.0X102 mol dm 3 sulfuric acid. Neocuproine and pyrophosphate solutions were the same as those described previously.6
Apparatus
A schematic flow diagram for the determination of iron(II) is shown in Fig. 1 . A double plunger pump (Sanuki Kogyo, DM2M-1026) was used for propelling the reagent and carrier solutions. Sample solutions were injected by a six-way rotary valve (Gasukuro Kogyo, MPV-6) into the carrier stream. The flow lines were made of Teflon tubing (0.5 mm i.d.) and connectors. The absorbance was measured at 454 nm with a Soma Kogaku 5-3250 spectrophotometer with a 10-mm micro flow cell (8 µl) and was recorded on a Hitachi Model 056 recorder.
Procedure
A mixture of 1X104 -mol dm 3 copper(II), 1 X 10-3 mol dm 3 pyrophosphate and 5X104 mol dm 3 neocuproine containing 5X102 mol dm 3 acetate buffer (R) and a water carrier solution (C) were pumped at a flow rate of 1.2 ml min'.
A 200 µl aliquot of the sample solution (iron(II)) was injected into the carrier stream. The reduction of copper(II) with iron(II) in the presence of neocuproine and pyrophosphate proceeded, and a copper(I)-neocuproine complex was produced in the reaction coil (1 m long). Then the absorbance of the complex produced was monitored continuously at 454 nm.
Results and Discussion
Although the reduction of copper(II) with iron(II) would not take place, this redox reaction is favored by the presence of neocuproine together with pyrophos- phate.6 At the same time, the copper(I)-neocuproine complex is produced as a result of this reaction. The determination of iron(II) is thus possible by measuring the absorbance of the complex at a wavelength of 454 nm.
Effect of reaction variables
The optimum conditions were studied by injecting 200 sl of 5X106 mol dm 3 of iron(II) solution.
The reaction temperature did not affect the peak height over the range 16 -85° C, because the redox reaction of copper(II) with iron(II) proceeded quickly even at room temperature. All measurements were thus carried out at room temperature. The effect of pH was examined over the range 3.4-7.1. As expepcted, the absorbance at 454 nm increased rapidly with increasing pH up to 5.1, and remained constant in the pH range 5.2 -7.1. A pH value around 5.6 was used for the procedure.
The effect of reaction coil length was examined over the range 0.1-5 m. The reproducibility of the peak height became unsatisfactory when the reaction coil length was shorter than 1 m. On the other hand, the peak height decreased with increasing the coil length, because the degree of dispersion increased with increasing the coil length. Thus a coil length of 1 m was selected at the flow rate of 1.2 ml min 1. The neocuproine concentration did not affect the peak height over the range 5X105 -5X103 mol dm_3. A 5X104 mol dm3 neocuproine concentration was chosen for the procedure.
The pyrophosphate concentration did not affect the peak height over the range 5X105 -1 X 10-2 mol dm3. A 1X10-3 mol dm 3 pyrophosphate was used for the procedure. A 1X104 -mol dm 3 copper(II) was used, taking into account the determination range of iron(II).
Calibration graph
The calibration graph was obtained over the range 2X106 -1X104 -mol dm 3 of iron(II). The calibration graph was linear up to 8X105 mol dm 3 (4.5 µg ml-1) of iron(II). The detection limit (S/ N=3) of the method was 2X107 mol dm 3 (0.011 µg ml-1).
The relative standard deviations (n=10) were 6.0, 0.8 and 0.1% for 4X107, 4X106 and 4X105 mol dm3 of iron(II), respectively. The maximum sampling rate was 80 samples h-1.
Interferences
The effect of foreign ions on the determination of 5X106 mol dm-3 (0.28 µg ml-1) iron(II) was studied. The tolerance limits for foreign ions are summarized in Table l ; a 5% error is considered to be tolerable. Oxalate, tungsten(VI) showed negative interference and cobalt(II) showed a positive one.
Vanadium(IV) showed a positive error when it existed at the same level as iron(II). Thus the determination of vanadium(IV) instead of iron(II) in the redox reaction with copper(II) is also possible in the presence of neocuproine. The vanadium(IV) determination and also the fractional determination of iron(II) and vanadium(IV) are now under way. Details of the fractional determination will be reported elsewhere.
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